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1  |  INTRODUCTION

Epilepsy is a serious neurological, psychological, and cog-
nitive disease caused by the spontaneous firing of hyper-
excitable neurons, resulting in recurrent seizures (Bambal 
et al., 2011; Stefanescu et al., 2012). Although many en-
vironmental and genetic factors have been suggested, 
the exact pathophysiology for the occurrence of epilepsy 
is still unclear (Shorvon,  2014). Currently, the first- line 

treatment of epilepsy is symptomatic, aimed at reducing 
neuronal excitability by inhibiting sodium ion channels or 
influx of chloride ions, which increases the activity of am-
inobutyric acid (GABA) receptors (Goldenberg, 2010). For 
this purpose, benzodiazepines are the most widely used 
drugs as they have anticonvulsant activity at epilepsy. 
Diazepam (DZP), a common medicine from the benzodi-
azepine class with a prolonged action, is frequently cho-
sen for patients who may need long- term care (Huemer 

Received: 13 January 2023 | Revised: 9 August 2023 | Accepted: 13 August 2023

DOI: 10.14814/phy2.15800  

O R I G I N A L  A R T I C L E

Electrophysiologic and anti- inflammatorial effects of 
cyclooxygenase inhibition in epileptiform activity

Canan Akunal Türel1  |   Hümeyra Çelik2  |   Ayhan Çetinkaya3  |   İdris Türel4

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided 
the original work is properly cited.
© 2023 The Authors. Physiological Reports published by Wiley Periodicals LLC on behalf of The Physiological Society and the American Physiological Society.

1Department of Neurology, Bolu Abant 
Izzet Baysal University Medical School, 
Bolu Merkez/Bolu, Turkey
2Department of Physiology, Alanya 
Alaaddin Keykubat University Medical 
School, Antalya, Turkey
3Department of Physiology, Bolu Abant 
Izzet Baysal University Medical School, 
Bolu Merkez/Bolu, Turkey
4Department of Pharmacology, Bolu 
Abant Izzet Baysal University Medical 
School, Bolu Merkez/Bolu, Turkey

Correspondence
Hümeyra Çelik, Department of 
Physiology, Alanya Alaaddin Keykubat 
University Medical School, Kestel Mah. 
Üniversite Cad. No: 80 07425 Alanya, 
Antalya, Turkey.
Email: humeyra.celik@alanya.edu.tr

Funding information
Abant Izzet Baysal Üniversitesi, Grant/
Award Number: 2021.08.32.1488.

Abstract
The aim of our study is to investigate the electrophysiological and anti- 
inflammatory effects of diclofenac potassium on epileptiform activity, which is the 
liquid form of diclofenac, and frequently used clinically for inflammatory process 
by inhibiting cyclooxygenase enzyme (COX). Wistar rats aged 2– 4 months were di-
vided into Epilepsy, Diazepam, Diclofenac potassium, and Diazepam+diclofenac 
potassium groups. Diazepam and diclofenac potassium were administered intra-
peritoneally 30 min after the epileptiform activity was created with penicillin in-
jected intracortically under anesthesia. After the electrophysiological recording 
was taken in the cortex for 125 min, interleukin- 1β (IL- 1β), interleukin- 6 (IL- 6), 
and tumor necrosis factor- α (TNF- α) were evaluated by the ELISA in the serums. 
No change was observed between the groups in serum IL- 1β, IL- 6, and TNF- α 
values. It was observed that the co- administration of diclofenac potassium and di-
azepam at 51– 55, 56– 60, 61– 65, 111– 115, and 116– 120 min was more effective in 
reducing spike amplitude than diclofenac potassium alone (p < 0.05). Single- dose 
diclofenac potassium did not have an anti- inflammatory effect in epileptiform 
activity but both diazepam and diclofenac potassium reduced the epileptiform 
activity.
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et al., 2010; Strac et al., 2008). However, in the treatment 
of epilepsy, although 30% of patients are resistant to these 
treatments, antiseizure drugs have many side effects 
(Stafstrom & Carmant, 2015).

Traumatic brain injuries, cerebrovascular accidents, 
infections of the central nervous system, and strokes are 
among the neurological insults that cause up to 60% of 
cases of epilepsy, where inflammation is a crucial compo-
nent of epileptogenesis (Klein et al., 2018). Increasing clini-
cal and experimental evidence indicates that inflammatory 
processes in the brain play an important role in epileptic 
seizures (Riazi et al., 2010). It is possible for inflammatory 
processes to start in the central nervous system- local or to 
spread from systemic circulation due to a blood– brain bar-
rier breach (Choi & Koh,  2008). The expression and acti-
vation of numerous inflammation- related enzymes, such as 
inducible nitric oxide synthase, NADPH oxidase, cyclooxy-
genase, caspases, and matrix metalloproteinases, as well as 
the subsequent release of cytokines (such as IL- 1, IL- 6, and 
TNF- α), prostaglandins, and chemokines, can all be trig-
gered by inflammatory triggers (e.g., the NF- κB pathway) 
(Green et al., 1994; Iñiguez et al., 1999). When microglia are 
activated, COX, one of the enzymes, produces inflammatory 
mediators by biosynthesizing prostaglandins from arachi-
donic acid (Akundi et al., 2005). Cyclooxygenase consists of 
the enzymes COX- 1 and COX- 2 that are regarded as proin-
flammatory and leads to the production of inflammatory 
cytokines (IL- 1, IL- 6, and TNF- α) (Linton & Fazio, 2008).

The knowledge that neuroinflammation plays a role in 
the pathogenesis of epilepsy has formed the basis for the 
use of steroids and other anti- inflammatory treatments 
for anticonvulsant purposes in drug- resistant epilepsy 
(Wheless et al.,  2007). Diclofenac is a nonsteroidal anti- 
inflammatory (NSAID) drug with a low molecular weight 
(Altman et al.,  2015). By inhibiting COX enzymes 1 and 
2, it inhibits the release of arachidonic acid and thus the 
release of prostaglandins that play a role in inflammation 
(Smyth et al., 2009). Diclofenac potassium is a fast- acting 
agent available in liquid form as a derivative of diclofenac 
(Moore et al., 2015). In clinical practice, it is widely used as 
an analgesic and antipyretic, to relieve postoperative pain 
(Ghlichloo & Gerriets, 2021). The effectiveness of nonste-
roidal anti- inflammatories in neuroinflammation is known 
(Fielder et al., 2020). Trying to manage the epileptic seizure 
with the liquid form of diclofenac potassium, which we 
have chosen to meet the need for anticonvulsant drugs for 
new targets with different mechanisms of action- by modu-
lating the proinflammatory cytokine response may create a 
new strategy in the treatment of epilepsy. For this purpose, 
the electrophysiological, anti- inflammatory, and anticon-
vulsant effects of diclofenac potassium on the epileptiform 
activity experimentally induced with penicillin in rats will 
be investigated in our study.

2  |  METHODS

The ethics committee approval of the study (decision 
number: 25/2020) was obtained from Bolu Abant İzzet 
Baysal University (BAIBU) Experimental Animals Local 
Ethics Committee. In the study, Wistar- Albino breed 
2- month- old 200– 250 g male rats were obtained from 
BAIBU Experimental Animals Center and maintained at 
a temperature of 19 ± 2°C and relative humidity of 50– 70 
with ad libitum water and pallet food in a 24- h light/24-
 h dark cycle. Rats were caged in groups, and four groups 
were formed with n = 8. The groups in the study were Epi-
lepsy (Control group, formed with penicillin), Diazepam 
(Epilepsy + Diazepam, positive control), Diclofenac Potas-
sium (Epilepsy + Diclofenac Potassium, drug), Diclofenac 
Potassium + Diapezam (Epilepsy + Diclofenac Potassium 
+ Diazepam, synergy). All experiments were carried out 
between 08:00 and 12:00.

2.1 | Epileptiform activity induction and 
drug applications

To create an epileptiform activity with penicillin, animals 
that were fasted 24 h ago were fixed on the operating table 
after they were shaved from the top of their heads under 
urethane anesthesia. The scalp of the rats was opened in 
the rostro- caudal direction, approximately 3 cm in length, 
with a scalpel. The soft tissue under the left cortex scalp was 
removed by electrocautery. The skull bone was removed 
by making circular movements with a touring motor and 
thinning it. After the electrodes were placed and basal ac-
tivity was recorded for 5 min, 500.000 IU penicillin (2.5 μL, 
icv) (Aygun et al., 2020) was administered intracortically to 
the somatomotor cortex with a Hamilton injector (701 N, 
Hamilton Co.) to induce epileptic activity. The injection 
coordinates were 2 mm lateral, 1 mm anterior, and 1.2 mm 
depth of the bregma line. To the epilepsy group, sham sa-
line 0.9%, 0.1 mL, i.p. was given. After 30 min, diazepam 
(0.1 mL, 5 mg/kg, i.p.) (Vito et al.,  2014) and diclofenac 
potassium (10 mg/kg i.p.) (Elgarhi et al.,  2020) were ad-
ministered to the Diclofenac potassium, Diazepam, and 
Diclofenac potassium + Diazepam groups.

2.2 | Electrophysiological assessment

For electrophysiological recording, two Ag/AgCl ball 
electrodes (one positive) were placed 1 mm anterior to 
the bregma and 2 mm lateral to the sagittal suture. The 
negative one was placed 5 mm posterior to the bregma 
and 2 mm lateral to the sagittal suture. For grounding, 1 
Ag/AgCl clamp electrode was fixed to the right auricle by 
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applying recording gel. The activity taken with the elec-
trodes was amplified in the BioAmp (ADInstruments) 
interface and instantly transferred to the PowerLab 4/SP 
(ADInstruments) data acquisition unit and recorded. After 
the analog signals were converted to digital, they were 
transferred to the computer and analyzed. The recording 
was taken for 120 min after the seizure was created. We 
showed the spike frequency by counting number of burst 
and the spike amplitudes by calculating the amplitude in 
mV from the obtained electrophysiological activity record.

2.3 | Blood collection and ELISA

After electrophysiological recordings were made, 5 mL 
of blood was taken intracardiacly from all rats. After the 
blood in the tube was centrifuged at 1700 g  for 10 min, 
it was stored in Eppendorf tubes at – 80°C until the bio-
chemical parameters were studied. Serum levels of IL- 1β, 
IL- 6, and TNF- α were determined by using commercially 
available enzyme- linked immunosorbent assay (ELISA) 
kits (BT LAB Bioassay Technology Laboratory) according 
to the manufacturer's instructions (Figure 1).

2.4 | Statistical analysis

Data were analyzed in the statistical package program 
IBM SPSS Statistics 25.0 (IBM Corp.). Descriptive statis-
tics were given as the number of units (n), percent (%), 
mean ± standard deviation (x ± SD), and median (Q1– Q3) 
values. The normal distribution of the data of numeri-
cal variables was evaluated with the Shapiro– Wilk test. 
Comparisons between groups were made with one- way 
analysis of variance (ANOVA) for normally distributed 
variables, and Kruskal– Wallis analysis for non- normally 

distributed variables. Tukey HSD was used for normally 
distributed variables and Bonferroni corrected Mann– 
Whitney U- test was used for non- normally distributed 
variables as a multiple comparison test. A p- value of <0.05 
was considered statistically significant.

3  |  RESULTS

In the study, in which the effects of diclofenac potassium 
on epileptiform activity were evaluated, no statistically 
significant change was found in IL- 1β, IL- 6, and TNF- α 
values between the groups in inflammatory markers stud-
ied by ELISA in serum samples (p > 0.050) (Figure 2).

The electrophysiological results were evaluated; the 
mean spike frequency measured in the first 5 min of epi-
leptic activity was similarly not statistically significant in 
all groups (p > 0.050) and like our other research (Akunal 
Türel et al., 2022; Danis et al., 2023). The mean values of 
spike frequency and spike amplitude recorded at 5- min 
intervals from 30th minute to 125th minute are given in 
Table 1.

In the recording, a statistically significant decrease 
was observed in the median values of spike frequency 
of diazepam compared to the control between 91– 95 
(p = 0.006), 96– 100 (p = 0.005), 101– 105 (p = 0.003), 106– 
110 (p = 0.005), and 116– 120th (p = 0.004) minutes. It is 
important that the data show the accuracy of our model. In 
addition, diazepam alone was statistically more effective 
than diclofenac potassium in spike frequency at 91– 95th 
(p = 0.048) and 96– 100th (p = 0.049) minutes (Figure 3).

It was determined that the co- administration of di-
clofenac potassium and diazepam at 51– 55 (p = 0.015), 56– 60 
(p = 0.028), 61– 65 (p = 0.037), 111– 115 (p = 0.022), and 116– 
120th (p = 0.039) minutes of EEG measurements resulted 
in a statistically significant decrease in spike- amplitude 
values when compared to diclofenac potassium alone. As a 
finding that supports the accuracy of our model, diazepam 
statistically significant decreased spike- amplitude values 
compared to the control at 111– 115 (p = 0.045), 116– 120 
(p = 0.045), and 121– 125th (p = 0.008) minutes. Diazepam 
was found to be more effective in reducing spike- amplitude 
values than diclofenac potassium at 111– 115 (p = 0.021),  
116– 120 (p = 0.028), and 121– 125th (p = 0.021) minutes 
(Figures 4, 5).

4  |  DISCUSSION

According to our study results, a single dose of diclofenac 
potassium in the epileptiform activity induced with peni-
cillin does not show an anti- inflammatory effect in serum, 
and IL- 1β, IL- 6, and TNF- α values did not decrease. In the F I G U R E  1  Experimental procedure.
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electrophysiological examination, diclofenac potassium 
was not more effective than diazepam, but when diaze-
pam and diclofenac potassium were used together, more 
anticonvulsant results were observed in reducing spike 
amplitude compared to diclofenac potassium and diaz-
epam alone.

Experimental and clinical studies have proven that 
neuroinflammation plays a major role in epilepsy (Maroso 
et al., 2011). These are a connection between inflamma-
tion and seizures, and indicate that inflammation is not 
just an epiphenomenon of epilepsy but may actively con-
tribute to the pathology (Vezzani et al., 2012). It is known 
that inflammatory mediators lower the seizure threshold 
by increasing the expression of genes related to neuronal 
cell death and synaptic plasticity (Vezzani et al.,  2013), 
and cytokine levels are high in the cerebrospinal fluids of 
epileptic rats (Gomez et al., 2004). The COX- 1 and COX- 2 
isoforms of the enzyme COX, which limits prostaglandin 
synthesis, are low in the normal brain but increase after 
damage due to inflammation (Choi et al., 2009). The anti- 
inflammatory effect of diclofenac potassium by inhibiting 
the COX- 1 and COX- 2 enzyme can be considered as a good 
solution for neuronal excitability caused by inflammation 
in epilepsy. Thus, cytokine production (IL- 6, IL- 1β, and 
TNF- α) in inflammatory pathways triggered by the COX 
enzyme can be suppressed.

In a study, diclofenac decreased IL- 1β and TNF- α val-
ues in brain homogenates in the kindling epilepsy model 
created with pentylenetetrazol (Elgarhi et al., 2020). As 
the first study evaluating the effect of diclofenac potas-
sium on penicillin- induced epileptiform activity, a single 
dose of diclofenac potassium could not produce the ex-
pected anti- inflammatory effect in serum. At this stage, 
in a situation originating from the central nervous sys-
tem such as epilepsy, it seems more targeted to choose 
the central tissue to evaluate the efficacy of the periph-
erally administered drug. Because even if statistical 

significance was not detected, contrary to expectations, 
diclofenac potassium given after seizures increased in 
serum IL- 1β, IL- 6, and TNF- α values in graphs. Inter-
estingly, in the study of Vieira et al., in the kindling epi-
lepsy model created with pentylenetetrazole, a GABA- A 
agonist is a dose- dependent molecule used to induce 
chronic, subacute, and acute experimental epileptic sei-
zures, systemic convulsant (Shimada & Yamagata, 2018). 
Similarly, diclofenac at the same dose caused the same 
results as ours in serum, despite 15 days of chronic ad-
ministration (Vieira et al., 2016). They approached the 
unexpected increase in serum of diclofenac, which 
causes a decrease in IL- 1β and TNF- α in the cortex and 
hippocampus tissues, as a compensatory increase in the 
increased IL- 10 in seizures (Youn et al., 2012). If we in-
terpret this increase by evaluating the different response 
system of the immune system and the current experi-
mental environment, penicillin applied for seizure for-
mation was given intracerebrovascularly and diclofenac 
was given intraperitoneally. Every trauma (Brøchner & 
Toft, 2009) and any chemical molecule given to the body 
(Zhang & An, 2007) cause an increase in proinflamma-
tory cytokines in the acute period. From another point 
of view, kidney damage by anti- inflammatory drugs- 
diclofenac (Peter & Evan Prince, 2018) may explain the 
increased inflammation in the serum.

Penicillin- induced experimental epileptogenic activ-
ity is an acute model that allows EEG recording by apply-
ing penicillin to the cortical surface-  mimics grand mal 
epilepsy. It starts locally and turns into generalized sei-
zure in a synchronous manner (Fisher, 1989; Sagratella 
et al.,  1985). Penicillin inhibits the synaptic transmis-
sion of GABA by binding to GABAA receptors to which 
GABA binds. GABAA receptors are ligand- gated chloride 
channels, inhibiting the flow of chloride into the cell is 
the widely accepted mechanism (Barrons et al.,  1992; 
Chow et al., 2005; Sutter et al., 2015). Penicillin is a local 

F I G U R E  2  Comparison of proinflammatory cytokines IL- 6 (a), IL- 1β (b), and TNF- α (c) means between groups (n = 8 per group).
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convulsant that stands out compared to others for inves-
tigating the cellular basis of spike frequency and the role 
of cortex and subcortical structures in spike frequency 
generation (Bambal et al.,  2011; Marangoz,  1997). It 
has been reported that the effects of diclofenac potas-
sium on epileptic seizures vary as proconvulsant and 
anticonvulsant depending on the selected form of di-
clofenac, the dose (Suemaru et al.,  2018), the type of 
experimental model (Akarsu et al.,  2006), and proto-
col (Dhir et al.,  2006). In the maximal electroshock- 
induced seizure model, 20 mg/kg diclofenac given ip 
30 min before the experiment increased the seizure score 
and frequency more than the 10 mg/kg dose (Suemaru 
et al.,  2018). In addition, aceclofenac given as a di-
clofenac derivative for penicillin- induced epileptiform 
activity increased the spike frequency values by show-
ing a proconvulsant effect in electrophysiological exam-
ination (Taşkıran et al., 2017). The convulsive threshold 
reduction of 10 mg/kg diclofenac given orally 2 hours 
before PTZ injection (Steinhauer & Hertting,  1981) is 
an example of the proconvulsive effects of diclofenac. 
In Theiler's murine encephalomyelitis virus epilepsy 
model, diclofenac injection at 5– 10 mg/kg doses twice 
a day for 4 days did not affect the frequency and sever-
ity of seizures (Metcalf et al.,  2021). In another study, 

diclofenac given by ip 30 min before PTZ injection in a 
PTZ kindling epilepsy model significantly decreased 
the seizure score and duration and increased latency 
(Elgarhi et al., 2020). Both 5 and 10 mg/kg doses of di-
clofenac sodium have been shown to reduce the com-
plexity of PTZ- induced epileptic seizures, the absence of 
a statistical difference between diazepam and diclofenac 
potassium was interpreted as having similar effects on 
seizures (Vieira et al.,  2016). In our study, however, a 
time period in which diclofenac potassium was superior 
to diazepam or control was not observed, although there 
were minutes when there was no statistical difference 
in spike frequency and amplitude frequency between 
diazepam and diclofenac potassium. The graphs show 
that diclofenac potassium was not superior or equal to 
diazepam. In addition, it was a surprising finding that 
the combined use of diazepam and diclofenac potassium 
was more effective as an anticonvulsant than diazepam 
in our study. The occurrence of this finding 10– 15 min 
after diclofenac potassium was given corresponds to the 
interval when diclofenac potassium begins to act (Reiner 
et al., 2001). Similar to our results, it is known that the 
use of valproic acid and diclofenac is more effective than 
valproic acid alone (Elgarhi et al.,  2020). In the litera-
ture, it has been shown that diclofenac opens KCNQ2/3 

F I G U R E  3  Measurement of spike frequencies among groups during 125 min *Diazepam is more effective than diclofenac potassium, 
p < 0.050. ▲ The diazepam group have less spike frequency than the epilepsy group (p < 0.050).
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potassium channels (Peretz et al., 2005) and potentiates 
retigabine in KCNQ2/3 opening (Khattab et al., 2018). In 
this respect, it is more appropriate to interpret diclofenac 
potassium as showing its rapid effects through voltage- 
gated channels. Also, acute use of selective COX- 2 inhib-
itors potentiates the anticonvulsant effect of diazepam 
in relation to the pharmacodynamic type (Almaghour 
et al., 2014). In another respect, the combination of an-
ticonvulsant and anti- inflammatory effect may explain 
reducing spike amplitude.

The shortage of electrophysiological evaluation 
time, absence of central tissue for anti- inflammatory 
response, and lack of ion channel screening like patch 
clamp were our limitations to comprehend the specific 

effects of diclofenac K in the amplitude changes of EEG. 
Our advantage is that this is the first study to evaluate 
the effects of diclofenac potassium in epileptiform activ-
ity in a time- dependent and to give spike frequency and 
amplitudes.

Future experimental and clinical studies are needed in 
line with our recommendations to recommend diclofenac 
potassium both as an anticonvulsant and as a safe analge-
sic anti- inflammatory drug.
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